A simple, sensitive, accurate and rapid reverse phase high performance liquid chromatographic method is developed for the simultaneous estimation of ramipril, aspirin and atorvastatin in pharmaceutical preparations. Chromatography was performed on a 25cm×4.6 mm i.d, 5μm particle, C18 column with Mixture of (A) acetonitrile methanol (65:35) and (B) 10 mM sodium dihydrogen phosphate monohydrate (NaH 2 PO 4 .H 2 O) buffer and mixture of A:B (60:40 v/v) adjusted to pH 3.0 with o-phosphoric acid (5%v/v) was used as a mobile phase at a flow rate of 1.5 ml min −1 . UV detection was performed at 230 nm. Total run time was less then 12 min; retention time for Ramipril, aspirin and Atorvastatin were 3.620, 4.920 min and 11.710 min respectively. The method was validated for accuracy, precision, linearity, specificity and sensitivity in accordance with ICH guidelines. Validation revealed that the method is specific, rapid, accurate, precise, reliable, and reproducible. Calibration plots were linear over the concentration ranges 05-50 µg mL −1 for Ramipril, 05-100 μgmL −1 for aspirin and 02-20 µg mL −1 for atorvastatin. Limits of detection were 0.014, 0.10 and 0.0095 ng mL −1 limits of quantification were 0.043, 0.329 and 0.029 ng mL −1 for ramipril aspirin and atorvastatin respectively. The high recovery and low coefficients of variation confirm the suitability of the method for simultaneous analysis of the all three drugs in the dosage forms. The validated method was successfully used for quantitative analysis of marketed pharmaceutical preparations.
Introduction
Ramipril (RAM) is chemically: (1 S, 5S, 7S)-8-[(2S)-2-[[(IS)-1 -ethoxycarbonyl-3-phenylpropvl]amino]propanovl]-8-azabicvclo[33O]octane-7-carboxylic acid 1 . It is an angiotensinconverting enzyme (ACE) inhibitor 2 . Ramipril is converted to ramiprilat by hepatic cleavage of the ester group, used to treat hypertension and congestive heart failure 3 . Aspirin is 2acetyloxybenzoic acid 4 , it is acetyl derivative of salicylic acid useful in the relief of headache and muscle and joint aches. aspirin is also effective in reducing fever, inflammation, and swelling and thus has been used for treatment of rheumatoid arthritis, rheumatic fever, and mild infection 3, 4 . Atorvastatin, is 7-[2-(4-fluorophenyl)-5-(1methylethyl)-3-phenyl-4-(phenylcarbamoyl)-1H-pyrrol-1-yl]-3,5-dihydroxy-heptanoic acid 3, 4 .It is a selective, competitive HMG-CoA reductase inhibitor 4 , is used to lower cholesterol and triglycerides in patients with hypercholesterolemia and mixed dyslipidemia and in the treatment of homozygous familial hypercholesterolemia. This combination is used as lipid lowering and anti-hypertensive (ACE inhibitor) agents with analgesic, antipyretic effect. All the three drugs are official in Indian pharmacopoeia, British pharmacopoeia and extra pharmacopoeia 1, 5, 6, 7 . Ramipril has been determined by UV-spectrophotometric 8, 9 and by HPLC methods 10, 11 . Plasma determination of ramipril has also been reported 12 . The simultaneous determination of ramipril and atorvastatin was reported in the literature 13 .Various spectrophotometric 14 and HPLC [15] [16] [17] methods are reported for determination of aspirin and atorvastatin alone and in combination with other drugs. The objective of this study was to develop and validate specific, accurate, precise and reproducible quality control method for ramipril, aspirin and atorvastatin in their ternary combination. 
Experimental

Chemicals and Reagents
Pure samples of Ramipril, aspirin and atorvastatin were obtained as gift sample from Plethico Pharmaceuticals Pvt. Ltd., Indore, M.P., India and tested for purity. The solid dosage form (Polytorva Capsule) was procured from local market (Label claim: 5 mg Ramipril, 75 mg aspirin and 10 mg atorvastatin). All the chemical and reagents used were of HPLC grade and purchased from Spectrochem, Mumbai, India. 
Preparation of Standard and Sample Solutions
Ramipril, aspirin and atorvastatin (10mg each) were weighed accurately and separately transferred to 100 mL volumetric flasks. Both drugs were dissolved in 25 mL methanol to prepare standard stock solutions. After the immediate dissolution, the volume was made up to the mark with mobile phase. These standard stock solutions were observed to contain 100 µg ml -1 of Ramipril, aspirin and atorvastatin.
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S.D-standard deviation; COV-coefficient of variance; S.E-standard error; n-Number of replicates.
For analysis of the dosage form, twenty Polytorva capsules were weighed individually and their average weight was determined. The capsules were empty out and then content crushed to a fine powder and powder equivalent to the weight of 5 mg of ramipril (corresponding amount of aspirin 75 mg and atorvastatin calcium 10 mg) was transferred to a 100 mL volumetric flask and dissolved in 25 mL methanol to prepare standard stock solutions. The solution was shaken vigorously for 15 min and filtered through Whatman #41 filter paper, and the residue was washed with mobile phase. The solution was then diluted to 100 ml with the solvent mobile phase. (60:40 v/v) adjusted to pH 3.0 with o-phosphoric acid (5%v/v) was used as a mobile phase at a flow rate of 1.5 ml min −1 , was used to sharpen the peak. The run time was less then 12 min. Before analysis, both mobile phase and sample solutions were degassed by sonication and filtered through 0.2-μm filter paper. The analytes were monitored at 230 nm. 
Construction of Calibration curves
From the standard stock solutions of all the three drugs, different dilutions were prepared and chromatographed and the peak areas were measured. Calibration plot of concentration against peak area were then constructed for ramipril, aspirin and atorvastatin. From the calibration plots it was found that response to ramipril, aspirin and atorvastatin calcium was a linear function of concentration in the range 05-50, 05-100 μg mL −1 and 02-20 μg mL −1 respectively. Unknown assay samples were quantified by reference to these calibration plots.
The overlain spectra of the formulation are reported in Figure 2 .
Analysis of pharmaceutical Formulation
Before assay of the formulations six replicates of the required dilutions were prepared from the stock solution and sonicated for 10 min. The solutions (20 μL) were then injected for quantitative analysis. The amounts of ramipril, aspirin and atorvastatin per capsules were calculated by extrapolating the peak area from the calibration curve. The results are reported in Table 1 .
Under the optimum chromatographic conditions, the retention times obtained for ramipril, aspirin and atorvastatin calcium were 3.620, 4.920 min and 11.710 respectively. Resolution (Rs) between ramipril and aspirin was 6.05 and aspirin and atorvastatin was 13.65. Capacity factors, tailing factors, and number of theoretical plates are reported in Table 2 .
Recovery studies
To perform the accuracy of the developed method and to study the interference of formulation additives, analytical recovery experiments were carried out by standard addition method. The results of the analysis are reported in Table 3 . A Mean from six determinations COV, coefficient of variance; LOD, limit of detection; LOQ, limit of quantitation.
Validation
The method was validated for linearity, accuracy, precision, repeatability, selectivity and specificity. Accuracy was studied by measurement of recovery at three different levels 80, 100, and 120% of the amount expected in the formulation, in accordance with ICH guidelines 18, 19 . Precision was measured both intra-day and inter-day. In the intra-day study the concentrations of all three drugs were calculated three times on the same day at intervals of an hour. In the inter-day study the concentrations of all the three drugs were measured on three different days. The selectivity and specificity of the method were validated by injecting solutions containing all the three drugs; three sharp peaks were obtained for all the three drugs. The limits of detection and quantitation of the method were studied to detect the lowest amount of analyte and quantitative determination of analyte in a sample respectively. The results are reported in Table 4 .
Results and Discussion
All the three components of the dosage form were identified by comparison of retention times obtained from sample and standard solutions. The work was performed in an airconditioned room maintained at 25 ± 2°C. Column chemistry, solvent type, solvent strength (volume fraction of organic solvent(s) in the mobile phase and pH of the buffer solution), detection wavelength and flow rate were varied to determine the chromatographic conditions giving the best separation. The mobile phase conditions were optimized so that the capsules components were free from interference from the solvent and from excipients. Other criteria, for example time required for analysis, appropriate k range for eluted peaks, assay sensitivity, solvent noise, and use of the same solvent system for extraction of the drug from formulation matrices during drug analysis were also considered. After trying columns containing different stationary phases, the final choice giving satisfactory resolution and run time was the 25 cm × 4.6 mm i.d, 5-μm particle; Phenomenex Luna C18 reversed-phase column. A series of aqueous mobile phases containing phosphate buffer solutions of different pH in combination with different volume fractions of acetonitrile as modifier were also tested. The best results were obtained by use of Mixture of (A) acetonitrile methanol (65:35) and (B) 10 mM sodium dihydrogen phosphate monohydrate (NaH 2 PO 4 .H 2 O) buffer and mixture of A:B (60:40 v/v) adjusted to pH 3.0 with o-phosphoric acid (5%v/v) is used to sharpen the peak. The flow rate was determined by testing the effect of different flow rates on peak area and resolution; 1.5 mL min −1 was found to be optimum. All experiments were performed at ambient temperature. The values obtained for k and RS (1 < k < 10, RS > 2) show these chromatographic conditions are appropriate for separation and quantification of both the compounds. The number of plates (N) is a measure of column efficiency; which shows the high separation efficiency of the column used.
Conclusions
A new, reversed-phase HPLC method has been developed for simultaneous analysis of ramipril, aspirin and atorvastatin in a solid formulation. It was shown above that the method was accurate, reproducible, repeatable, linear, precise, and selective, proving the reliability of the method. The run time is relatively short, i.e. 12 min, which enables rapid quantitation of many samples in routine and quality control analysis of formulations. The optimized solvent system was used throughout the experimental work and no interference from any excipient was observed. These results have shown that method could find practical application as a quality-control tool for simultaneous analysis of all three drugs from their combined dosage forms in quality-control laboratories.
